Purpose Interestingly, soil is the component of the natural environment in which most hydrophobic organic pollution including polycyclic aromatic hydrocarbons (PAHs) gets accumulated. The aim of the present paper was to determine the effect of soil pollution with PAHs on the elemental composition, spectral properties, and hydrophobic and hydrophilic properties of humic acids. The research was performed on different types of soil samples that were artificially polluted with selected PAHs (anthracene, pyrene, fluorene and chrysene). Materials and methods The soil samples were polluted with s e l e c t e d PA H s i n a n am ou n t c or r e s p o nd i n g t o 10 mg PAHs kg −1 . The PAHs-polluted soil samples were incubated for 180 and 360 days at a temperature of 20-25°C and fixed moisture (50 % of field water capacity). Humic acids (HAs) were extracted from the soil samples prior to the incubation (additionally, soils not polluted with PAHs) and after 180 and 360 days of incubation. For isolated HAs, the following analyses were performed: elemental composition, UV-Vis and IR spectra, susceptibility to oxidation, and hydrophilic (HIL) and hydrophobic (HOB) properties were determined using high-performance liquid chromatography.
Introduction
More and more often, one realises the problem on soil environment pollution and the importance of soil protection as well as the prevention of soil degradation. The Communication from the Commission to the Council, the European Parliament, the Economic and Social Committee and the Committee of the Regions (COM 179 final 2002) provides eight key threats to soil in the European Union, including a decrease in the content of organic matter and soil contamination. Interestingly, soil is the component of the natural environment in which, finally, most hydrophobic organic pollution, including polycyclic aromatic hydrocarbons (PAHs), gets accumulated. The presence of PAHs in the environment is the source of infection and it poses a direct threat to all of the living organisms in the contaminated area (Maliszewska-Kordybach 1999; . As has been reported in literature (Weissenfelts et al. 1992; Pan et al. 2006; Plaza et al. 2009; Guo et al. 2010; Kim and Kwon 2010; Yang et al. 2010; Zhang et al. 2011) , an important parameter that determines the immobilisation of PAHs by soils is the quantity and the quality of organic matter. Humins show a greater PAHs sorption capacity than humic acids, while humic acids bind PAHs more strongly than fulvic acids. However, Pan et al. (2006) stress that PAHs are definitely sorbed faster by humic and fulvic acids than humins. The type of organic matter fraction that PAHs are connected with affects their mobility in the soil profile. Humic acids limit the mobility of hydrocarbons deep down in the soil profile, whereas fulvic acids stimulate that process (Petruzzelli et al. 2002) . As was reported by Kim and Kwon (2010) , the sorption properties of humic acids towards PAHs increase with an increase in the PAHs hydrophobicity.
As a result of the sorption of PAHs by the organic matter of soils, their mobility and their availability to microorganisms decrease (Bauer and Capone 1985; Cousins et al. 1997) . PAHs are strongly bound by organic matter and do not undergo the processes of desorption that persist in soil as the so-called permanent residue-the removal of which is very difficult, even impossible (Seibel et al. 1996; Semple et al. 2003) .
The formation of the bonded residue (the so-called permanent residue) is also accompanied by the microbiological decomposition of PAHs which includes the newly processed structures into the structures of the organic matter (White et al. 1998; Northcott and Jones 2001) . The structures formed in this way demonstrate properties that are similar to humic acids (e.g. solubility in bases and molecular mass), and they constitute an integral part of the organic substance (Eschenbach et al. 1998; Kastner et al. 1999; Kelsey and Alexander 1997; Launen et al. 1995; Meyer and Steinhart 2001) .
It is common knowledge that the properties of the organic matter of the soils (including humic acids) are specific for a given soil type (Orlov 1986; Gonet 1989; Tan 1998; Gonet and Debska 1999; Debska et al. 2012 ). However, one should note that the properties of the organic matter of the soils can be modified by, e.g. the cultivation method of the land (crop rotation and fertilisation) as well as by other external factors, including pollution (Orlov 1986; Gonet 1989; Gonet and Debska 1999; Debska et al. 2011 Debska et al. , 2012 . As was reported by Launen et al. (1995) , Kelsey and Alexander (1997) , Eschenbach et al. (1998) , Kastner et al. (1999) and Meyer and Steinhart (2001) , PAHs undergo transformations that lead to the formation of structures that are similar to humic acids (HAs) and therefore it is very likely that PAHs can also lead to the changes in the properties (structure) of the molecules of humic acids in soils that have been polluted with those compounds.
The knowledge of the mechanisms of the effects of pollutants that enter the soil, such as, e.g. PAHs, provides a potential for a defence against unfavourable phenomena and therefore it seems to be very important that, in addition to the common domestic and foreign measurements of the concentrations of PAHs and the factors that affect the rate of their decomposition and bioavailability, the effect of polycyclic aromatic hydrocarbons on the properties (quantity and quality) of humus substances of soils should be determined.
The basic indicators that are used to evaluate the properties of humic acids are as follows: the elemental composition, including the values of atomic ratios H/C, O/C and N/C, which are determined by drawing on the composition as well as the degree of internal oxidation; the coefficients of absorbance A 2/4 , A 2/6 , A 4/6 and ΔlogK; the susceptibility to oxidation and the IR spectra (Orlov 1986; Kumada 1987; Gonet 1989; Tan 1998; Gonet and Debska 1999) as well as was shown by e.g. Preuβe et al. (2000) and Debska et al. (2007) , the hydrophilic-hydrophobic parameters. According to Wen et al. (2007) , it is the polarity and the aromaticity of the humus fractions that are essential in the adsorption processes of PAHs.
The aim of the present paper was to determine the effect of soil pollution with PAHs on the elemental composition, spectral properties, and hydrophobic and hydrophilic properties of humic acids. The research was performed based on the different types of soil samples that had been artificially polluted with selected PAHs (anthracene, pyrene, fluorene and chrysene).
Material and methods

Materials
The research was performed by drawing on soils that were under agricultural use based on the soils sampled in the Kujawy and Pomorze Provinces in the northern part of Poland. The list of soils sampled for the experiment, which is given in Tables 1 and 2 , provides their basic properties. Total organic carbon (TOC) and total nitrogen (Nt) were determined by the Vario Max CNS analyser (Elementar, Hannau, Germany). Grain size composition was determined by applying the aerometric method. High-performance liquid chromatography (HPLC, Perkin Elmer, Norwalk, USA) was used to determine the content of PAHs.
Soil samples were polluted with selected PAHs (fluorene, anthracene, pyrene and chrysene) in an amount corresponding to 10 mg PAHs kg . The unpolluted and PAHs-polluted soil samples were incubated for 180 and 360 days at a temperature of 20-25°C and a fixed moisture (50 % of field water capacity). After a specific incubation time, all of the samples were destroyed. The incubation was performed in three repeats for each sampling date. The properties of humic acids were determined for the samples of soils that were unpolluted with PAHs and at 180 and 360 days after adding the PAHs.
Methods
Extraction of humic acids
Humic acids were extracted from the soil samples prior to the incubation (additionally, soils that were not polluted with PAHs) and after 180 and 360 days of incubation. HAs were extracted and purified according to standard methods using the following procedure:
-Decalcification (24 h) with 0.05 M HCl (1:10 w/v). After centrifugation, the residue was washed with distilled water until neutral. -Extraction (24 h) of the remaining solid with 0.5 M NaOH (1:10 w/v) with occasional mixing, followed by centrifugation. -Precipitation (24 h) of humic acids from the resulting alkaline extract with 2 M HCl to pH=2 and centrifugation. -Purification of the resulting humic acids as follows: the humic acid residue was treated with a mixture of HCl/HF (950 mL H 2 O, 5 mL HCl, 5 mL HF) over a 24-h period, followed by centrifugation. This procedure was repeated three times. The humic acids residue was treated with distilled water until a zero reaction to chloride was achieved.
The preparations were lyophilised and powdered in an agate mortar. Ash content in the humic acids preparations was lower than 2 %.
Characteristics of humic acids
The humic acids that were separated were analysed for the following:
-Elemental composition (Perkin Elmer 2400 CHN analyser). The H/C, O/C, O/H and N/C atomic ratios and ω (internal oxidation degree) were calculated according to the formula:
where : O; N; H; C−content in atomic% -UV-Vis absorption spectra (UV-Vis Spectrometer, Lambda 20, Perkin Elmer). VIS spectra were obtained from 0.02 % humic acid solutions in 0.1 M NaOH and UV spectra after fivefold dilution. 
where: x is the wavelength (465 and 665 nm), A 0 is the initial absorbance (prior to adding H 2 O 2 ) and A u is the absorbance after oxidation (Gonet 1989 ).
-Infrared spectra (FT-IR Spectrometer, Spectrum BX, Perkin Elmer) over 400-4,400 cm −1 were obtained for HAs (3 mg) in KBr (800 mg). Deconvolution was applied using a filter that made the bands of γ=4 narrower and NaOH at a concentration of 2 mg mL
; injection of the sample, 100 μL; solvent-acetonitrile-water; solvents flow in the gradient (ratio H 2 O:ACN (v/v) over 0-6 min, 99.5:0.5; 7-13 min, 70:30; 13-20 min, 10:90) and detection at a wavelength of 254 nm. The share of hydrophilic (HIL) and hydrophobic (ΣHOB=HOB1+ HOB2) fractions in the humic acid molecules and the parameter HIL/ΣHOB were determined based on the areas that were determined under the peaks (Woelki et al. 1997; Preuße et al. 2000; Debska et al. 2007 ).
The significance of the differences in the parameters, depending on the incubation time, was evaluated by the Duncan's test. Based on the Duncan test results, which did not show significant differences for the parameters evaluated depending on the incubation time for HAs of the soils additionally non-polluted with PAHs, the data presented in Tables 3, 4 and 5 are variants Phaeozems (Ph)1, Ph2, Ph6; Haplic Arenosols (Hp)8; Fluvisols (Fl)9 and Fl10 are an average for three dates (0, 180 and 360 days).
The effect of the management method on the properties of the soils was defined using the cluster analysis method (Fig. 3) . The above-mentioned relationships were determined using the statistical software STATISTICA MS.
Results and discussion
Elemental composition of humic acids
One of the basic parameters that are characteristic for the structure of HAs is their elemental composition (Orlov 1986; Gonet 1989; Tan 1998) . The elemental composition of the humic acids that were analysed is presented in atomic percent (Table 3 ). The content of carbon in the molecules of the humic acids ranged from 33.99 to 36.15 %, hydrogen ranged from 40.35 to 44.84 %, nitrogen from 2.37 to 2.98 % and oxygen accounted for 17.08 to 21.09 %. The lowest share of carbon was observed for HAs Fluvisols with a sandy loam texture (sample no Fl9). The humic acids of Haplic Arenosols showed the highest content of hydrogen and the lowest content of oxygen. The share of those elements in the other soils was, in general, similar. Introducing selected polycyclic aromatic hydrocarbons (chrysene, pyrene, anthracene and fluorene), in general, did not result in any significant changes in the elemental composition of the humic acids. One should note the decrease in the share of oxygen and the increase in the share of Values followed by common letter are not significantly different at the 5 % level V samples after 180 days of incubation, VI samples after 360 days of incubation hydrogen in the HAs of Haplic Arenosols after 360 days of incubation. The increase in the hydrogen content was also observed in the molecules of the HAs of Fluvisols with a finesand texture (sample no Fl10). The HAs of Phaeozems that had been polluted with PAHs demonstrated a lower content of hydrogen and a slightly higher content of oxygen, as compared with the HAs of the unpolluted soils. Interestingly, the slightest changes in the elemental composition of humic acids were noted in the molecules of the HAs of Fluvisols (samples no Fl9 and Fl10). Much precious information on the structure of HAs is provided by the values of the atomic ratios of the elements that are determined (Orlov 1986; Howard et al. 1998; Gonet and Debska 1999; Debska et al. 2012) . It was shown that a decrease in the value of the H/C ratio indicates an increase in the degree of the aromaticity of humic acids, which, in turn, suggests an increase in their degree of humification (maturity). Parameter O/C and O/H as well as ω are indicators of the oxidation of the molecules of humic acids. The higher the value of the O/C ratio, the higher the ω and the higher the degree of humification of humic acids (Gonet and Debska 1999; Howard et al. 1998; Debska et al. 2012) . The elemental composition parameters discussed here can, therefore, be used to evaluate the degree of the advancement of the humification process of the soil organic matter, as well as the characteristics of the humus substances that are formed. As was reported by Plaza et al. (2009) , the degree of humic acids maturity is a factor that affects the sorption of PAHs.
Introducing selected PAHs into soils changes the quality parameters of humic acids; however, the intensity and the direction of changes were determined by soil type (Table 3) . As for the humic acids of Phaeozems, a decrease in the value of the ratios H/C and N/C, as well as the increase in the value Denotations as in Table 3 Table Denotations as in Table 3 of the degree of internal oxidation was observed. However, no significant changes in the value of the O/C ratio were observed. Only a significant decrease in the value of the degree of internal oxidation was observed for the HAs of Haplic Arenosols. A decrease in value ω was also recorded for the HAs of Fluvisols (samples no Fl9 and Fl10). As was reported earlier, the humification processes are connected with an increase in the degree of the internal oxidation of the molecules of humic acids (Orlov 1986; Debska et al. 2012 ). The dependences suggest that for Hp and Fl, introducing PAHs limited the intensity of the transformations of the soil organic matter and/or was a consequence of the adsorption of PAHs molecules or fragments by the molecules of humic acids, which, as a consequence, did not result in any changes in the degree of internal oxidation.
Spectrometric parameters of humic acids in the UV-Vis range
The important parameters that are used to determine the properties of humic acids and to evaluate the transformations of organic matter in the soils are the spectrometric parameters in the UV-Vis range. Based on many years of research, some relationships between the values of absorbance at the wavelengths of 280, 465 and 665 nm and the structure of humic acids were demonstrated. It is commonly assumed that the value of absorbance at 280 nm defines the content of lignintype compounds, and the A 465 value defines the content of substances at the initial stage of decomposition, while A 665 reflects the content of substances with a high degree of humification. Coefficients A 2/4 , A 2/6 , A 4/6 and ΔlogK are important indices of the degree of the advancement of the humification of organic materials and the characteristics of the humus substances that are produced, as well as changes in the properties of the humic acids that occur due to various anthropogenic factors (Kumada 1987; Gonet 1989; Gonet and Debska 1999) .
As can be seen from the data presented in Table 4 , in general, the lowest values of absorbance at wavelengths of 280 and 400 nm were recorded for the humic acids that were isolated from the soils after 360 days of incubation. Other relationships were recorded at a wavelength of 665 nm. After 360 days of incubation, the highest values of absorbance at that wavelength were reported for the HAs of Phaeozems, while they were lowest for the HAs of Haplic Arenosols and Fluvisols. Drawing on the dependencies that were recorded, one can assume that adding polycyclic aromatic hydrocarbons to Phaeozems accelerates the transformation processes of organic matter (an increase in the value of absorbance at the wavelength of 665 nm), and, as for the other soils types, it slows down and decrease in the value of absorbance at 665 nm.
Introducing selected PAHs into Phaeozems, in general, did not result in significant changes in the value of absorbance coefficients A 2/4 , A 2/6 , A 4/6 and ΔlogK after 180 days of incubation; after 360 days of incubation, the HAs of Phaeozems showed significantly lower values of the coefficients as compared with the HAs of the original soils. As was demonstrated earlier (Kumada 1987; Gonet and Debska 1999) , a decrease in the values of the coefficients of absorbance is connected with an increase in the degree of the 'maturity' of the molecules of humic acids. As for the humic acids of the Haplic Arenosols that were isolated from the samples of soil polluted with PAHs, the A 2/4 and A 2/6 values were the only ones that were lower as compared with the HAs of the soil that was unpolluted with PAHs. As for the humic acids of Fluvisols with a sandy loam texture (sample no Fl9), significant differences in the value of coefficients A 2/6 and A 4/6 were found during the incubation. The lowest values of the coefficients were reported after 180 days of the decomposition of the PAHs that had been introduced into the soil and the lowest was after 360 days of incubation. For the HAs of Fluvisols with a fine-sand texture (sample no Fl10), the values of coefficients A 2/4 , A 2/6 , A 4/6 and ΔlogK for the humic acids of the soil polluted with PAHs were similar to the HAs of the original soil.
The structure of humic acids can also indirectly be inferred from the changes in the value of absorbances that occur as a result of the reaction of oxidation with the hydrogen peroxide of humic acids (Gonet 1989) . According to Gonet (1989) , the aliphatic part of the HAs molecules appeared to be more susceptible to oxidation, while the aromatic part appeared to be more resistant. The changes in the value of the absorbance of humic acids, which occur as a result of oxidation with H 2 O 2 , are given in Table 4 .
The values of parameter ΔA 465u (susceptibility to oxidation as determined at a wavelength of 465 nm) that were recorded for the HAs of the original soils (with no PAHs added) ranged from 61.92 (Ph1) to 70.35 % (Fl9) . The values of parameter ΔA 665u (susceptibility to oxidation as defined at a wavelength of 665 nm) were higher than ΔA 465u , and they ranged from 64.96 % (Ph1) to 76.09 % (Fl10). Introducing PAHs into soils, in general, resulted in a significant increase in the susceptibility to oxidation that was measured at 665 nm (the values recorded after 180 days of incubation).
In the period from 180 to 360 days, the process of the transformations of the organic matter of soil occurs as a result of which humic acids with significantly lower values of ΔA 465u and ΔA 665u were observed as compared with the values that were recorded for HAs after 180 days of incubation. It should also be stressed that the values ΔA 465u and ΔA 665u that were recorded after 360 days of incubation were frequently lower than the values that were recorded for the HAs of the original soil samples. Therefore, introducing PAHs (chrysene, pyrene, fluorene and anthracene) to soils resulted in changes in the structure of humic acids, which must have resulted in an increase in the share of unsaturated aliphatic structures and/or simple aromatic structures, which, in turn, results in a decrease in the resistance to oxidation of the molecules of humic acids.
Analyses of the Fourier transform infrared (FTIR) spectra of humic acids
The changes in the structure of the molecules of humic acids that were obtained once PAHs were introduced into soils were confirmed by the spectra produced in the IR range (Fig. 1) .
Generally, the IR spectra of the humic acids that were isolated from the samples of soils that were additionally polluted with PAHs, after 180 days of incubation, as compared with the HAs of the original soil, demonstrated, e.g. a higher band intensity of the frequency of about 1,540, 1,510, 1,460, 1,420 and 1,260 cm
, and the peaks are in the range of 1,130-1,000 cm −1 (Fig. 1) .
The band at around 1,540 cm −1 is determined by the presence of amine groups (deformation vibration), the 1,520-1,500 cm −1 band is characteristic for aromatic compounds (C=C). The band in the range of wavenumbers 1,460-1,440 cm −1 correspond to the deformation vibration of groups -CH 3 and =CH 2 , the band 1,420-1,400 cm can also be related to the presence of groups of OCH 3 that occur in lignins and OH in alcohols (Tan 1998; Orlov 1986; Gonet 1989; Cocozza and Miano 2002) . The intensity of the above-mentioned absorption bands decreased from the 180th to 360th day of incubation. However, the humic acids that were isolated after 360 days of incubation, as compared with the HAs of the original soils, showed a slightly higher share of simple aromatic structures (a higher intensity of the 1,510 cm −1 band) as well as a higher band in the range of wavenumbers 1,460-1,030 cm −1
. The IR spectrum pattern definitely indicates the effect of the PAHs that were introduced into the soil on the structure of humic acids.
3.4 The hydrophilic and hydrophobic nature of humic acids Humic acids are built from structures with both hydrophobic and hydrophilic properties. The hydrophilic and hydrophobic properties determine, e.g. the solubility and the susceptibility of humic acids to biodegradation and affect their sorption potential as well, e.g. towards PAHs (Wen et al. 2007) .
By applying the HPLC method, one can divide the molecules of humic acids into fractions that are hydrophilic and hydrophobic in nature (Fig. 2) . Fractions of a retention time of 3.0-8.0 min show greater hydrophilic properties, whereas the fractions of a retention time between 12.0 and 25.0 min become more and more hydrophobic (Woelki et al. 1997; Preuße et al. 2000; Debska et al. 2007 Debska et al. , 2010 Debska et al. , 2012 . In the humic acids that were analysed, the share of the hydrophobic fraction was slightly higher than the share of the fraction containing compounds with hydrophilic properties (Table 5) . After 360 days of incubation in the molecules of the humic acids of the soils, the share of hydrophilic fractions was higher and the share of hydrophobic fractions was lower, as compared with the share of those fractions in the molecules of HAs prior to the start of incubation. The changes in the share of the respective fractions resulted in changes in the value of the HIL/ΣHOB ratio. Parameter HIL/ΣHOB, as shown by, e.g. Debska et al. (2007 Debska et al. ( , 2010 Debska et al. ( , 2012 , is connected with the degree of organic matter humification; the value of the parameter increases with an increase in the degree of the maturity of the molecules of humic acids. In this experiment, after 180 days of incubation, the values of the HIL/ΣHOB ratio were similar to the values of the ratio of the HAs of the original soil samples. Only the HAs of Fluvisols with a sandy loam texture (sample no Fl9) showed higher values of the HIL/ΣHOB ratio than the HAs of the original soil sample; the HAs of Phaeozems sampled at Orlinek (Ph6) showed lower values. For most soils, the highest values of parameter HIL/ ΣHOB were reported for the HAs that were isolated after 360 days of incubation. The changes in the value of the HIL/ΣHOB ratio were the result of an increase in the share of hydrophilic fractions and a decrease in the share of hydrophobic fractions. However, it should be stressed that, as for the HAs of Phaeozems (Ph1, Ph2 and Ph6), the decrease referred especially to the hydrophobic fraction with a longer retention time (HOB2) and in the humic acids of Haplic Arenosols and Fluvisols, the share of the HOB1 fraction decreased (the hydrophobic fraction with a shorter retention time; Fig. 2 ).
Additionally, an increase in the share of the hydrophobic fraction with a longer retention time (HOB2) was observed in the HAs of Haplic Arenosols and Fluvisols. Such dependences suggest that the process of the transformations of PAHs entering the soil, on the one hand, depends on their properties and, on the other hand, is determined by the soil properties (Guo et al. 2010; Yang et al. 2010; Debska et al. 2011 ).
General consideration
In order to document the changes in the properties of humic acids due to polycyclic aromatic hydrocarbons, cluster analysis was performed for the HAs of the original soil samples (Fig. 3a) after 180 ( Fig. 3b ) and 360 days of incubation (Fig. 3c ). The objects with similar properties are located on the dendrograms in the homogenous groups. The humic acids of the soils that were analysed prior to the introduction of PAHs occur in two major groups on the dendrograms (Fig. 3a) . The first one is made up of the HAs of Fluvisols (Fl9 and Fl10), and the second one is made up by the HAs of the other soils. However, it should be noted that the greatest similarity is recorded for the HAs of the Phaeozems that are marked with the symbols Ph1 and Ph2, which is understandable since these soils were sampled quite close to each other. The dendrogram also shows that the quality parameters of the HAs of Haplic Arenosols are closer to the parameters that were reported for the HAs of Phaeozems than for the HAs of Fluvisols. The dendrogram pattern (Fig. 3b ) differed from that reported for the HAs of the original soil samples (Fig. 3a) for the humic acids after 180 and after 360 days of incubation (Fig. 3c) . The pattern of the dendrogram produced after 360 days of incubation, on the other hand, was similar to the one recorded for the HAs of the original soil samples; however, the objects were more distant from each other. The relationships clearly demonstrate that after having introduced the PAHs, the properties of humic acids change, which is due to the role that is played by organic matter in the processes of the immobilisation of polycyclic aromatic hydrocarbons.
The changes in the humic acid properties due to PAHs are the result of the sorption of the PAHs by the organic matter of the soils, a part of which does not undergo the processes of desorption (Seibel et al. 1996; Semple et al. 2003) . PAHs that are permanently connected with organic matter, which are exposed to the effect of microorganisms, undergo the processes of transformation and they are included in the structures of the organic matter (Northcott and Jones 2001; White et al. 1998) . The properties of the compounds are similar to those of humic acids and are an integral part of the organic substance (Eschenbach et al. 1998; Kastner et al. 1999; Kelsey and Alexander 1997; Launen et al. 1995; Meyer and Steinhart 2001) .
The significantly greater changes in the properties of humic acids that were recorded 180 days after introducing PAHs than after 360 days demonstrate the share of undecomposed or slightly decomposed PAHs in the structure of the HAs after 180 days. After 360 days of PAHs decomposition in the soil, humic acids, the properties of which are, in general, similar to the HAs of the original soil samples, are produced. It can be that after 1 year of PAHs persisting in soils, they undergo considerable transformations and become an integral part of the organic matter.
However, the relationships that were recorded for HAs 180 days after introducing PAHs definitely demonstrated that PAH-type soil pollutions significantly modify the properties of humic acids, the basic component of organic matter, which can be essential for soil that is exposed to a permanent threat of pollution with high concentrations of PAHs. Without a doubt, investigating the properties of soils that have been exposed to the threat of polycyclic aromatic hydrocarbons, the effect of those compounds on the properties of organic matter should be considered.
Conclusions
The research showed that introducing anthracene, fluorene, pyrene and chrysene into the soil samples resulted in a change in some of the quality parameters of the humic acids that were isolated from the soil samples that were incubated for 180 and 360 days. However, the intensity and the direction of those changes were determined by the soil properties.
The parameters the changes of which did not depend on the soil properties after the introduction of PAHs included ΔA 665u and ΔA 465u , HIL/ΣHOB. Similarly, irrespective of the soil type, in the molecules of humic acids after 180 days of incubation, as compared with the HAs of the original soil samples, the following were found:
-Higher values of parameter ΔA 665u , which defines the susceptibility to chemical oxidation of the molecules of humic acids at a wavelength of 665 nm. -A higher share of simple aromatic structures (FTIR spectra).
After 360 days of incubation, the HAs showed:
-Lower ΔA 465u values.
-Higher values of the HIL/ΣHOB ratio.
-The share of simple aromatic structures was still higher, as compared with the HAs of the original soil samples; however, it was clearly lower than in the HAs after 180 days of incubation.
A single pollution of soils with PAHs that led to changes in the quality parameters of humic acids shows that for the soils permanently exposed to pollution with those compounds, significant changes in the properties of humic acids can occur. As a result, it can lead to a change in the functions played by humic acids in the environment.
